The top quark mass is a fundamental parameter of the Standard Model. The precision measurement of the top quark mass combined with the W boson mass measurement can constrain the mass range of the Standard Model Higgs boson. We present updated top quark mass measurements using the full sample of Tevatron √ s = 1.96 TeV proton-antiproton collisions collected by the CDF II detector, corresponding to an integrated luminosity of 8.7 fb −1 .
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Introduction
The top quark (t) is by far the heaviest known elementary particle [1] . It contributes significantly to electroweak radiative corrections relating the top quark mass (M top ) and the W boson mass to the mass of the Higgs boson [2] . Precision measurements of M top provide therefore an important constraint on the Higgs boson mass. The CDF and D0 experiments have been improving the precision of the M top measurement and obtain below 1 GeV/c 2 precision in the combination of all measurements using data up to 5.6 fb −1 [3] . In this report, we present a couple of new M top measurements using the full data set of the Tevatron Run II obtained by CDF detector which are not included in the previous Tevatron combination of M top .
Top quark production and decay
Top quarks at the Tevatron are predominantly produced in pairs (tt ). Assuming unitarity of the quark-mixing matrix, the top quark decays almost exclusively into a W boson and a b quark. Therefore the topology of tt events depends on the different decay of the two W bosons. The lepton+jets channel has one W boson decaying leptonically (an electron or a muon plus a neutrino) and the other hadronically (two quark jets) so that we have one charged lepton, two b-quark jets, two light quark jets, and one undetected neutrino. Because of the relatively large branching fraction with manageable backgrounds, we made the most precise M top measurements using events in the lepton+jets decay topology.
In the lepton+jets events, some events can not be fully reconstructed because of a missing lepton. They are caused by too small energy deposition in the detector or trajectory outside of detector coverage. There are also hadronically decaying τ events which we can not reconstruct a charged electron or muon. In these cases, we only reconstruct two b-quark jets, two light quark jets, and one undetected W boson. We veto events with a charged lepton to be orthogonal with lepton+jets events. This decay topology is called as ̸ E T +jets channel.
To improvement the M top measurement, CDF collaboration identify b quarks using the properties of the longer lifetime of metastable B hadrons [4] . Therefore jets arising from b quarks have secondary vertices that are displayed from the primary collision vertex. b-tagging significantly improve not only background fraction but also the combinatorics of jet-to-parton assignments, improving M top resolution.
In the lepton+jets and ̸ E T +jets channels, we have one W boson decaying hadronically (W decaying to two jets). Therefore we use the reconstructed dijet mass from W boson decay to constrain, in situ, the largest systematic in M top measurements, the jet energy scale (JES), which is the calibration between jets energies and parton level energies, because of the narrow decay width and well known mass of the W boson.
Top quark mass measurement
In the measurements reported in this presentation, we reconstruct top quark masses in each event and compare the distribution of data with template distributions derived from model calculations. This technique is called as template method. We performed M top measurements using
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Top Quark Mass Measurements at CDF Hyun Su Lee ) using kinematic fitter [5] . We also use the template distributions of hadronically decaying W bosons (m j j ) to constrain the jet energy scale, an important uncertainty in the M top measurement. This is an update of a previous measurement that used a subset of the present data [6] . In this measurement, we use not only larger samples but also improve jet energy calibration using an artificial neural network [7] to achieve better jet energy resolution, and increase signal acceptance allowing less pure signal samples into the analysis. With the maximum likelihood fit to the data with signal and background templates, we measure M top = 172.85 ± 0.71 (stat) ± 0.85 (syst) GeV/c 2 = 172.85 ± 1.11 GeV/c 2 .
This is the most precise M top measurement in the single channel to date [8] . Figure 1 shows the distributions of the observables used for the M top measurement in the lepton+jets channel, overlaid with density estimates using tt signal events with M top = 173 GeV/c 2 (close to the measured M top ) and the full background model. In the ̸ E T +jets channel, we can not detect a lepton and a neutrino from single W boson. Because of two missing particles in the leptonic side, we used the reconstructed masses of the hadronically decaying top quark from three jets making the largest transverse momentum, p T , in the previous measurement [9] . However, we still have measured information not used in the reconstruction of the hadronically decaying top quark. For the top quark mass information, the reconstruction of a lepton and a neutrino is not necessary. By assuming of a single missing particle, leptonically decaying W boson, we reconstruct tt events using χ 2 -like kinematic fitter and form
Top Quark Mass Measurements at CDF Hyun Su Lee M top = 173.9 ± 1.6 (stat) ± 0.9 (syst) GeV/c 2 = 173.9 ± 1.9 GeV/c 2 . Figure 2 shows the distributions of the reconstructed top quark mass used for the M top measurement in the ̸ E T +jets channel, overlaid with density estimates using tt signal events with M top = 173.5 GeV/c 2 (close to the measured M top ) and the full background model. The two of new measurements performed with the full data set of CDF Run II improve the precision of M top and are in agreement of the Tevatron average [3] .
Top and anti-top quark mass difference measurement
The precision determination of M top allows us to measure the mass difference between top quark and anti-top quark to a similar precision. In the CPT theorem, which is fundamental to any local Lorentz-invariant quantum field theory, the particle mass should be same as its anti-particle partner. Despite the fact that no violations have ever been observed in the meson and baryon sectors, it is important to test CPT violation in all sectors such as quarks and high mass particles.
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Top Quark Mass Measurements at CDF Hyun Su Lee CDF collaboration measure the mass difference between top quark and anti-top quark (δ M top ) in the lepton+jets channel using the template technique. We reconstruct the mass difference (∆m reco t and ∆m reco(2) t ) using modified kinematic fitter allowing mass difference between hadronic top quark and leptonic top quark. Using 5.6 fb −1 of pp collisions, we measured δ M top = −3.3 ± 1.7GeV/c 2 [11] . In the update measurement using the full data set, we apply the two improvements introduced for the M top measurement. First, we employ the neural network jet energy scale correction and improve the resolution of the jet. Second, we increase the signal acceptance allowing less pure signal samples. The resulting mass difference from 8. Figure 3 shows the observed distributions of the observables used for the δ M top measurement. The density estimates for tt signal events with δ M top = 0 GeV/c 2 and for background events are overlaid. This result is consistent with δ M top = 0 GeV/c 2 and conservation of CPT symmetry.
Conclusion
The CDF collaboration has updated a robust set of M top and δ M top measurements with full CDF Run II data set with significant improvements.
